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Abstract

This paper desenibes the design and implementation of the
Los Alamos modular RF control system, which provide. high-
performance teedback and/or fecdforward control of RF
accelerawor caviues. This is a flexible, modular control system
which has been realized in the industry-standard VXI card-
modular format. A wide spectrum of system functionality can
be accommodated simply by incorporating only those modules
and fecatures required for a particular application. The
fundamental principles of the design approach are discussed.
Details of the VXI implementauon are given, including the
system architecture and interfaces, performance capabilities,
and avaiiadle features.

Introduction

The AT-S group at Los Alamos National Laboratory
(LANL) is developing the RF system for the Ground Test
Accelerator (GTA), including the RF control system, which is
the topic of this paper. The GTA Program is a development
vekicle for Neutral Particle Beam (NPB) physics and
technology.

Because GTA operates at several different harmonically-
related ftrequencies using  varicus  power amplifier
technologies, a decision was made early on 10 pursue a
modular RF control system architecture This architecture 18
designed o be mdependent of RE {requency, power level, and
type ol acceleraung struciure. This approach bas proven
successtul on GTA, and has allowed the same hardware 1o he
used 1 a wide varicty of other accelerator applications
worldwide.

The first LANL VXI module for RE control was designed
and built in 1987, and the fourth complete control system was
operated on GTA an 1997, Additionally, four other systems
have been stalled and operated at vanous other institutions,
Inall, about  C-size VXI modules have heen buslt o date.

System Requircments

The priniery purpose of aa RE control system is o tightly
vegubate the accelerating and/or focusing lield 1 an
accelermor cavity [ 1], This reguliation must be mamtained n
Jie presence ot vicions e the aceelermor system
patameters, such as cavity e2sonant frequency, beam current,
amd power ampliler performance. i'he design objective for
frield regulanon tolerance an the GTA RE control sysiem s
HLSY m amplitude and 0.8 i phase. This apphes for bean
laching condons ap o RBOY-
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To achicve this level of regulaton and 1o ensure citicient
RF power wransfer to the cavity, the resonant frequency of the
accelerator cavity must be maintained within prescribed
hmis. A regulaton tolerance of £29 was chosen as an
ohjective for the cavity reflecuon coelticient phase on GTA.

Svstem Architecture

Figure | illustrates the essential aspects of the L. ANL RF
control system architectuse as applied to o partwcular
acceleraung cavity [2,3]). A sample of the cavity lield s
downconverted to a 20MHz [F and synchronously detected
against the RF reference signal. The in-phase (I and
quadrature -phasc (Q) components ol this delected signal are
compared o their respective commanded values, or setpoints.
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Figure 1. LANL RF control system architecture.

The difference between the detected components and therr
setpoints produces an error vector. Proportional, wtegral, and
differential (PID) closed-loop control actions are then denved
from this error vector, producing a control vector. An open
loop control vedtor can opuonally be gencrated at the
begirning of the acceeleration cycle to fill the cavity m a
programmed manner,

A vector modulator translates the control vector o a
20MHz IF carner, which is subsequenty upconverted back 1o
the oniginal RE frequency. This RF control vector o applicd
1o a high -power ampliticr (HPA) whose output 1s an RE caviny
drive vector, closing the feedback loop,

The RIF control system s partitone into weseral
tunctional VXTI modules as shown o figure . The medules
with solul outhnes constitute the basic RE control svsiem: The
modules  with  dashed  outhnes are optional  syvatem
cemponents, and can be incorporated as desared o enbane e
the performance of the basic conttol system. The Beam
Feedtorward Maodule estimates the beam loading disturhanee
and applies approprute feedtorweed signals to numnnze held
perturbanons, The Control Peedistorter Module provide
dynamue decouphing of the T and Q comrol s, which e
cross coupled by ahe cavity. The Adaptive Feedlomward
Module measures, integrates, and corrects repetiin e loop
distinbances i a pulsed RE system. Detads of these optonal
modules cn be found elsewhere [ 9]
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Figure 2. VXI modular implementation,

Feedback control is also cmployed to regulate the
resonant frequency of the cavity [6.7]. As shown in figure 3,
this is achieved by detecting the forward- and reverse-
waveling waves in the cavity drive line, computing the cavity
reflection cocfficient, and taking corrective feedback action by
applying a control signal 10 a mechanical cavity tuncr.
Accuracy is assured by calibration and vector error correction
(8]. All computations for this process are performed in
software, and the feedback loop is closed through a virtual
network conncction to the tuner actuator.
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Figwe 3. Resonance control system.

Several ancillary funcuons are assigned to the RE control
system as well, Mcasurements of various RE signal
amplitudes in the system, such as the cavity ficld amplitude
and drive, are supported with Envelope Detector Modules.
These maodules sample and guantize cach of cight RF input
signals once per RE palse.

The RF system associated with cach cavity 18 sequenced
and timed by the RE control system. This tunction s
performed in the Upconverter Mudule, which sends two
independent optical tming signals to the HPA,

The RE system, hke the vest ot the acceleritor, 1s requored
10 operate remotely under complewe automation. Thus,
supervisory computer control, data acqussicn, and emote
signal montoring, are implemented i the GUA RE control
system, Al relevint RE control system parameters are
writcable and readable through the GTA database, wod all
control functions e integeted and operated through 1-PICS
control sereens.

Hardware Realization

The ¥ ME Extensions for Inswrumentauon ¢ VXD standard
[ 10} which emerged in the 1988-89 time trame was deseloped
by a consortium of leading instrument manufacturers. This
standard builds on, and 15 compatible with, the ubtquutous and
powcrful VME standard to produce a robust card-modular
mecdium capable of supporting high-performance anatog,
digital and microwave instruments. The design of tae RE
control system commenced in this ume period, and VXI was
chosen as the packaging medium. VXI held promise of not
only supporung the needs of the RF control hardware, but alsu
of fiting scamlessly nto the GTA compuwr control system, it
being of a VME-based distnbuted architecture,

The promise of VX] has held true in practice. Most ot the
+F control modules have been, of necessity, designed in
house. In all cases, strict adherence 10 the VXI standard has
been mantained. Several commercial VMF cards, such as a
68020-based processor and an Ethernet interface card, had
alrcady becn integrated into the computer control system.
These VME modules were dircetly embedded in the VXI RE
control system and integrated together without sigmfbicant
difficulty.

Figure 4 shows a conceptual fayout of a typical LANI
VXI module. Details of the register-based VX1 nterfase can
be found clsewhere {9]. All timing and signal conversion
functions are distributed down to the module level, A TOMH,
clock and a synchronizing trigger are broadceast to all modules
on the VXI backplance. Counters on cach module’s mtertace
circuit count down from preloaded register values and provide
on-hoard timing signals, As needed, A/D and 1¥A converters
arc provided in situ on cach module. Signal simphng 1.
triggered by the on-board timing signals, which are under
software control. This approach greatly simphtics system
integration and configuration management. Because the
number of connectors and cables n the system has been
mimmized, rehiability is improved.
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Figure 4. Conceptial VXTI maodale Liyonl
Analog, digitel, and maed signal cewtey e

combued on the LANU VXL prooted cncust (8°C) boand T
structine of these PO boards nanges from o 10 Lver.
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